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LIQUID CRYSTAL DISPLAY FOR PROJECTION
SYSTEMS

RELATED APPLICATION

This application is a continuation-in-part of U.S. Ser.
No. 07/194,516 filed May 16, 1988 now U.S. Pat. No.
4,976,536 on Dec. 11, 1990 which in turn is a divisional
of U.S. Pat. No. 4,763,993 issued Aug. 16, 1988.

BACKGROUND AND SUMMARY OF THE
INVENTION

1. Field of the Invention .

The present invention relates to projection systems in
general, and specifically to a liquid crystal display sys-
tem for use in conjunction with an overhead projector
for displaying computer generated images and particu-
larly a compact projector and, in a preferred embodi-
ment, a self contained computer generated image pro-
jector. ‘ ,

2. Discussion of the Prior Art

The use of a liquid crystal display (LCD) in conjunc-
tion with a conventional overhead projector is dis-
closed in U.S. Pat. No. 4,154,007 issued to Wallace P.
Judd. The Judd patent describes an electronic calcula-
tor modified so as to permit light to pass through the top
and bottom plates of an LCD. This allows the calcula-
tor to be placed onto a conventional overhead projector
thereby projecting an enlarged image of the calculator
LCD on the projection surface. The LCD in Judd ap-
pears to be comprised of smectic crystals which, when
not energized by an electric field, are transparent to
light passing therethrough but become opaque to this
light when energized. The opacity is due to the fact that
energizing of the crystals places them in a disorganized
state which causes light to be scattered in all directions.
Because the smectic crystals only change the character
of light passing through (from unscattered to scattered)
much of the light and heat energy passes through the
crystals. Unfortunately because the light is only altered
slightly smectic displays tend to have a relatively low
contrast.

Additionally to avoid excess drive circuitry and elec-
trical interconnections, most LCD displays are multi-
plexed which means that each portion of the display is
addressed (or energized) for only a fraction of the time.
In a twelve digit calculator display, each digit would be
addressed only one-twelfth of the time or it can be said
that the display has a 1/12 duty cycle.

In order to improve contrast, modern calculators
have changed to twisted nematic crystal displays
which, if multiplexed at relatively high duty cycles,
such as those associated with simple calculators, can
produce high contrast readability. Such displays require
the use of polarizers. Although polarizers tend to cause
the display to absorb more heat and thus reduce the
contrast, the high initial contrast obtainable with the
high duty cycle calculator display could tolerate the
heat without contrast being objectionably reduced. If
the Judd-type patent were modified to utilize such a
twisted nematic crystal display, the heat associated with
an overhead projector would probably not cause any
serious difficulty in its operation because of the high
duty cycle.

However, where a higher resolution display is de-
sired, for example a 25 line by 80 column and/or
graphic display, a much lower duty cycle is available
with respect to energization of each element i.e , on the
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2
order of 1/100. Smectic crystals are unworkable be-
cause of their inherent low contrast. The very low duty
cycle also makes the contrast available from twisted
nematic crystal displays marginal and, when combined -
with the contrast reduction caused by polarizer heating,
such displays are impractical.

A typical projector has a high power incandescent or
halogen lamp utilizing 250 to 500 watts or more during
operation. In many instances 90% of the radiation gen-
erated by the lamp is in the infrared or heat producing
frequency range. Excess temperatures can be harmful to
liquid crystal displays causing their destruction if high
enough. However, even below the destructive tempera-
ture level, the effect of high temperatures is to decrease
LCD contrast. '

The optics of most conventional projectors also tends
to exacerbate the heat problem. The projectors in gen-
eral focus the light beam so that it impinges upon a lens
(generally of the Fresnel type) upon which the pro-

‘jected material (in this case the LCD) is placed. The

function of this lens is to direct the light so that it passes
through the projection optics thus achieving the bright-
est possible projected image. While the attempt is made
to focus light on the lens as uniformly as possible, the
light energy may vary by as much as 50% or more from
a “hot spot” in the center of the lens to the edges. Be-
cause it is necessary to have enough light so that the
edges of the display are readily visible, this means that
the temperature effects due to the hot spot in the center
are even greater than elsewhere on the display.

Although some rather expensive overhead projectors
tend to reduce the heat problem by arrangements of
heat-absorbing and/or heat-reflecting glass or filters,
the lower cost projectors make little attempt to reduce
heat at the display surface. It is desirable that any LCD
projection system by able to utilize any projecting appa-
ratus.

A further problem in the use of LCD systems with
overhead projectors is the requirement for an external
power supply and a data input cord rendering such
systems cumbersome to use.

An additional problem is with respect to the use of
overhead projection systems and the additional systems
necessary for use in a seminar or speech presentation
format. A user must supply or ensure the availability of
an overhead projector system, an LCD display genera-
tion system, a computer to generated the desired display
images, and a keyboard to interact with and control the
computer. In addition to the cumbersome nature of
three or four separate items, electrical outlets or cords
necessary to drive all the devices will be required.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide a liquid crystal display apparatus compatible
for use with all overhead projectors providing high
contrast readability.

1t is a further object of the present invention to pro-
vide an LCD display for use with an overhead projec-
tor which has no external power cord connection.

It is a further object of the present invention to pro-
vide an LCD display for use with an overhead projec-
tor where the display requires no external power or
data input connecting cord.

It is a still further object of the present invention to
provide an integrated projection system for projecting
computer or graphic display information.
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It is an additional object of the present invention to
provide an integrated low visual stress work station for
displaying high resolution information.

It is a still further object of the present invention to
provide a desktop projector of high resolution informa-
tion where the projector is extremely compact and
portable.

It is an additional object of the present invention to
provide in one structure, a projector system which will
project computer generated images, a computer system
with program and information storage capability, a
keyboard system for interacting with the computer and
an LCD image generation system responsive to the
computer, where the self contained image projector is
compact and portable as a single unit.

The above and other objects are achieved in accor-
dance with the present invention by utilizing a light
transparent insulation means and a polarizer or back
polarizing filter between the light source and the
twisted nematic crystal display. The analyzer or front
polarizing filter is located between the twisted nematic
crystal display and the projection screen. The use of
transparent conductors on the LCD facilitates localized
energization of the twisted nematic crystal where it is
desirable to produce a change in opacity of the display.

In one embodiment, a heat reflective film is the light
transparent insulation means and is utilized to further
reduce the heat input to the twisted nematic crystal. In
a further embodiment, the liquid crystal display is pow-
ered by solar cells located on the display for converting
a portion of the overhead projector light energy to
electrical energy for use in the display eliminating the
need for a separate power cable. In a still further pre-
ferred embodiment, the computer or other control
means communicates with the display through a wire-
less communication system eliminating the need for any
external cables connected to the display. In a further
embodiment, the display is combined with a projector
resulting in a compact low cost projection system. In a
further preferred embodiment the display is utilized in
conjunction with a lower power projector in a com-
puter or word processing work station to provide a low
visual stress display system. In an additional embodi-
ment, the combination of folded optics, a “cold mirror”
and the LCD provide a compact and portable desktop
electronic information projector.

In a further embodiment, a compact self contained
image projector includes a computer and associated
mass storage devices, a light source for illuminating an
LCD display device controlled by the computer, a
computer keyboard operable through an infrared link to
control the computer as well as a built in monitor.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and
many of the attendant advantages thereof will be
readily apparent by reference to the accompanying
drawings, wherein:

FIG. 1is a schematic representation of the effect of a
twisted nematic crystal display;

FIG. 2 is a side exploded view of a twisted nematic
crystal display in accordance with the present inven-
tion;

FIGS. 3a and 3b are side exploded views of twisted
nematic crystal displays in accordance with a further
embodiment of the present invention;

FIG. 4a shows the present invention being utilized
with a conventional overhead projector;
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FIG. 4b illustrates an integrated overhead projector
combined with an LCD display in accordance with the
present invention;

FIGS. 5a and 5b illustrate low stress work stations in
accordance with the present invention with conven-
tional light source and a point light source, respectively;

FIGS. 6a and 6b illustrate an elastomeric connector
and its use in assembly of one embodiment of the pres-
ent invention, respectively; :

FIGS. 7a and 7b show a flex circuit connector and its
use in the assembly of one embodiment of the present
invention, respectively;

FIG. 8 is a side view partially in section of a further
embodiment of the present invention;

FIG. 9 is a top view partially in section of a further
embodiment of the present invention illustrating the self
contained, computer generated image projector and
keyboard; and

FIG. 10 is a side view of the image projector shown
in FIG. 9.

DETAILED DESCRIPTION OF THE
'PREFERRED EMBODIMENT

FIG. 1 illustrates the operation of a liquid crystal
material situated between two polarizers. A light source
10 will emit light having no specific polarization. How-
ever, light passing through polarizer or back polarizing
filter 12 will have only a vertical orientation as it enters
twisted nematic liquid crystal material 14. In the illus-
trated embodiment, in unenergized area 16, the local
region where the liquid crystal is unenergized, the light
polarization is rotated a specific angle (such as the 90°
shown) which changes it to a horizontal polarization
which passes through analyzer or front polarizing filter
18. However the energized area 20 of the liquid crystal
display allows light to pass through without its polarity
being twisted and the vertically polarized light would
be blocked by the horizontally polarized analyzing filter
18. Thus in FIG. 1 as shown energized areas of the
liquid crystal would be dark and unenergized areas
would be light. Thus one would have dark graphics on
a light background. If either polarizers were rotated
approximately 90° the effect would be reversed, allow-
ing light to be transmitted where the liquid crystal is
energized and for light to be blocked where the liquid
crystal is not energized, providing a light graphics on a
dark background.

FIG. 2 illustrates the basic embodiment of applicant’s
invention. The twisted nematic liquid crystal material
14 is bounded by sealing material 22 and contained
between two transparent plates 24. A multiplicity of
transparent electrodes 26 extending across the figure
are orthogonal to a multiplicity of transparent elec-
trodes 28 which extend generally in a direction perpen-
dicular to the plane of the drawing. When pairs of these
electrodes are simultaneously addressed, they serve to
energize the twisted nematic liquid crystal material 14
in the immediate vicinity of the junction of the ener-
gized electrodes. The criss-crossing multiplicity of elec-
trodes comprises a means for locally energizing the
crystal material in response to the control unit 30
through a multiplicity of control wires 32 and 34.
Power to operate control unit 30 can be supplied exter-
nally or, in an embodiment shown in FIG. 2, through
solar cell 36 which converts a portion of the illumina-
tion from the projector itself into electricity.

Information to the control unit 30 on which elec-
trodes are to be energized or de-energized can be pro-
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vided through an external connecting cable to the com-
puter providing image information or in the preferred
embodiment shown in FIG. 2 through an infrared con-
trol receiver 38 which is responsive to infrared trans-
missions from a transmitting device similar to infrared
television and video cassette recorder transmitters. In
the preferred embodiment shown in FIG. 2 no external
connections at all will be necessary to power or control
the device rendering it extremely easy to use. In FIG. 2
polarizer 12 could include an infrared mirror which
allows visual light to pass but serves to reflect the infra-
red (heat-producing) portion of the light 11 from the
light source. ’ )

In a preferred embodiment, the liquid crystal display
panel in FIG. 2 would utilize a heat reflecting film 47
adjacent or separated from polarizer 12 to reduce the
amount of heat passing through the liquid crystal mate-
rial 14. A preferred embodiment utilizes a heat reflect-
ing film 47 marketed under the trademark Altair-M by
Southwall Technologies in Palo Alto, California. The
Altair-M coating is sputter-deposited and results in a
film that has visible light transmissivity and also electri-
cal conductivity. Electrical conductivity is advanta-
geous in that it helps prevent broadcast of electromag-
netic interference beyond the confines of the display
device. The film additionally has superior environmen-
tal stability over many other coating processes although
additional sheets of glass can be used to protect the film
and/or polarizer from scratching.

20

25

Alternate embodiments of the transparent portion of 30

the display unit are shown in exploded views of FIGS.
3a and 3b. In addition to the other previously discussed
components, FIG. 3a illustrates a further plate 40
which, with polarizer 12, is separated from transparent
plate 24 by spacing material 42. In a preferred embodi-
ment, the spacing material could be permeable to air
and water vapor but impermeable to contaminants such
as dust, thereby reducing any degradation over a time.
In the FI1G. 3z embodiment a single insulating or air
space 44 serves to further insulate the temperature sensi-
tive twisted nematic liquid crystal material 14 from heat
transmitted from the light source 10.

In extreme temperature and humidity environments,
it may be desirable to utilize the variation shown in

40

FIG. 3b which includes two plates 40 and two sets of 45

impermeable spacers 43 forming two air spaces 44 for
providing greater insulation. The spacers 43 are shown
with inlets 46 and outlets 48. The inlets 46 are con-
nected to a coolant supply 49 which may be any trans-
parent fluid. The fluid, in a preferred embodiment air,
flows through the spaces on one or both sides of the
liquid crystal material 14 cooling it during operation.
The before mentioned heat reflecting film 47 is also
illustrated. Of course the embodiments of FIG. 3a and
3b could also utilize the previously discussed infrared
mirrors as back plates 40 in order to reflect any infrared
light away from the liquid crystal material 14.

FIG. 4a illustrates the use of the display unit 8 in
combination with a conventional overhead projector
50. Projector 50 includes a lower portion 52 housing the
light source and initial reflecting and focusing mirrors
and lenses, and an upper mirror/lens assembly 54. Dis-
play unit 8 is placed over the normal projection surface
and includes an aperture 56 which corresponds to the
visible light transparent portion of the display unit.
Solar cells 36, not shown because they are on the lower
portion of the display unit 8, could provide sufficient
electrical power to run the control unit and the energi-
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zation and de-energization of the various transparent
electrodes in the unit. Information concerning which
electrodes are to be energized and de-energized can be
supplied by means of infrared receiver 38. Thus it can
be seen that display unit 8 is quite portable and can be
used with any existing overhead projector system and
the use of the solar cell and infrared data link eliminate
any problem with cords.

In FIG. 4b a further preferred embodiment is illus-
trated in which the display unit portion 8 is built in to
the overhead projector 60. Because this unit is not as
portable it may not be quite as convenient although the
fact that the display unit is part of the lower portion 52
eliminates the need for solar cell installation on the unit
in order to power the control unit and a simple internal
conductor connection will suffice. Similarly, there is no
need to utilize infrared receiver 38 as a direct computer
connection to the display unit 8 through lower portion
52 can easily be accomplished. However, it may be
desirable to retain the infrared receiver 38 so that the
projected image can be ultimately controlled from a
remote location.

The present invention can also be utilized in conjunc-
tion with or built into a low stress work station for
computer/word processing operators or any other indi-
viduals who would normally work in front of a monitor
or a cathode ray tube (CRT) screen. Normal viewing
distances from an operator to a keyboard is about 24
inches and from the operator to the CRT is about 28 to
30 inches. It has been found that if a display can be
provided at a further distance from the operator but
with larger characters (so that the viewing angle sub-
tended by the character is equal to or greater than that
of the CRT) much less visual stress is created.

Contrast ratio is concerned with differences in the
brightness between the viewed information and the
immediate background and between the immediate
background and the larger surround. A difference be-
tween light information on a dark CRT display and
black information on a white printed page is that the
informational elements in the display are luminous and
are seen by direct rather than reflected light. Contrast
ratios for the CRT display for comfortable viewing can
be rather low with values of 2 or even less. Because the
informational content of a typical CRT display is less
than about 5% of the display area, the sparseness of
luminosity causes the eye to adapt to the generally dark
background. However, many times the luminance of
the presented information is increased in an attempt to
overcome the effects of reflections, glare, etc. and it is
this increased luminosity which leads to increased view-
ing stress. An operator at a display seldom spends more
than 25% of their time viewing the display and the
remainder of their time is spent looking around at the
keyboard, reference materials, at distractions or simply
for a rest. Because all of these areas differ in luminance,
the eye must continually change aperture to adapt to the
differences in luminance. Stress because of this continu-
ous adaptation can be minimized if the contrast ratios
between these various areas are all kept to relatively
low values. CRT displays are generally relatively small
and thus occupy only a small portion of the visual field.
A larger display occupying a greater portion of the
visual field together with proper lighting control in the
surrounding areas leads to lowered stress levels.

Reflection and glare are also problems, are important
sources of stress and in many instances are outside of the
control of the operator. Because a conventional CRT
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display has a convex surface, it provides reflections
over a wide field of view. The inability to reposition a
CRT display so as to eliminate all substantial reflections
can cause additional visual stress. Focus and flicker are
additional problems causing visual stress. A cathode ray
tube display is electronically focused and over a period
of time the focus may drift causing the display to go
slightly out of focus. Additionally because of the CRT
~ line scan, frame rates on the order of 50 to 60 Hertz are
generated. Some flicker perception is obtained even at
these high frame rates leading to additional visual stress.

In order to overcome a number of problems relating
to visual stress in the workplace, applicant’s invention
can be utilized in conjunction with or incorporated into
a low stress work station, examples of which are shown
in FIGS. 5a and 5b. Both arrangements in FIGS. 54 and
5b would provide for an image width of around 36
inches allowing for viewing at a distance of at least 36
inches. FIG. 5a utilizes an enclosure with the conven-
tional light source 10 providing illumination through a
Fresnel lens 70 to the display unit 8 whereupon the light
passes through projection lens 72, is reflected by front
surface mirror 74 onto rear projection screen 76.

The embodiment in FIG. 5b does not require any
refractive optical elements such as Fresnel lens 70 or
projection lens 72 and instead utilizes an extremely
small point light source 78 and the direct transmission of
the light through display unit 8 reflecting off of front
surface mirror 74 onto the rear projection screen 76.
This embodiment has a significantly shorter optical path
than that of FIG. 5¢ and operates similarly to the well
known shadowgraph technique. Obviously because of
their different locations in the view screens, the display
unit in FIG. 54 would provide the reverse image on the
rear projection screen 76 as opposed to the image pro-
vided by the display unit in FIG. 5b. This reversal as
between the two different work stations can be accom-
modated mechanically by turning over the display unit
8 (assuming that the temperature and insulating qualities
and components of the display unit are not critical to its
operation or that it has the same insulating capabilities
on both sides of the liquid crystal display) or by merely
correcting for this in the electronic control unit or the
operating software.

The advantages of the low stress work station dis-
plays are that the higher brightness level of the display
background (much closer to the normal surround lumi-
nosity) and the lower contrast ratio between the image
and the display background tends to reduce the stress
due to screen and image brightness. The greater view-
ing distance especially at a distance where the eye tends
to operate with a greater depth of focus tends to reduce
stress due to changes in focus required with head move-
ment. Larger image sizes and the larger visual angle
subtended tends to improve feadability and allow for a
less precise focus. Also, with a keyboard and a normal
CRT they are roughly the same distance from the eye,
causing the eye to maintain the same focus all the time.
Because the work station display is substantially farther
from the eye than the keyboard, the eyes focus must
change in shifting back and forth, thus providing a
“restful exercise.” The large screen size relative to the
field of view tends to reduce stress due to differences in
brightness between the display screen and the visual
surround. The liquid crystal display unit being digital in
nature (energized area or pixel only at cross points
between transparent conductors) tends to reduce stress
due to display focus or lack thereof. Low contrast ratio
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of the display unit tends to reduce stress due to flicker.
The flat rear projection screen 76 tends to reduce stress
from reflections and reduce reflected glare. Often times
the flat screen can be repositioned to avoid undesirable
reflections altogether.

Various preferred embodiments for packaging a dis-
play unit 8 have been examined and found suitable.
Although FIG. 2 illustrates an exploded view of the
device with only one edge housing the control unit
being shown, in practice each unit would have an inner
transparent image generating area surrounded by an
outer frame or other structure. FIG. 2 illustrates the use
of control wires 32 and 34 to connect the energizing
electrodes 26 and 28 to the control unit 30, but one
preferred embodiment applicant’s invention utilizes an
elastomeric connector 80 and a portion of such a con-
nector is shown in FIG. 6a.

The elastomeric connector 80 includes a pair of insu-
lating strips 81 sandwiching conductive elements 82 and
non-conductive elements 83 in an alternating fashion.
The application of such an elastomeric connector is
illustrated in FIG. 6b which includes an LCD panel 86
which is the transparent portion of the display unit
shown in FIG. 2 or the units shown in FIGS. 3a and 3b.
A display driver board 88 is comprised of printed cir-
cuit boards and/or elements making up the electronic
control unit 30, solar cell 36 and/or infrared receiver 38.
The elastomeric connectors serve to provide conduc-
tion paths between the driver board and the transparent
electrodes located in the LCD panel. Appropriate con-
nector pads would be located on the LCD panel and
similar pads would be provided on the driver board 88.
Edge clamps 90 (represented by arrows in FIG. 6b)
would serve to firmly compress the elastomeric connec-
tor between the pads on the LCD panel 86 and on the
driver board 88. Although it cannot be seen in this view,
the driver board 88 would obviously have a substantial
aperture in the board so that light could pass there-
through and consequently through the LCD panel for
image display purposes.

A further alternative connection method is that of

- flex circuit 92 shown in FIG. 7a. The flex circuit utilizes
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a flexible insulative substrate 94 upon which electrical
conductors 96 have been painted or otherwise depos-
ited. The use of such a flex circuit is shown in FIG. 7b
in which the conductive portions of the flex circuit are
connected to the appropriate portions of driver board
88 on the one hand and the appropriate transparent
electrodes in the LCD panel on the other hand. In this
manner the display unit can be folded easily and inex-
pensively during manufacture. The final position of
both driver boards is shown in phantom lines in FIG. 7b
and the initial manufacturing position of the righthand
driver board is also shown in phantom lines.
Additional means for interconnecting the electronic
elements with the liquid crystal display can be the “chip
on glass” technique or the “adhesive connection” tech-
nique. “Chip on glass” refers to the electronic circuitry
being mounted directly to the LCD using epoxy, which
may be ultraviolet-cured or other suitable adhesive.
Electrical connections between the electronic elements
and the LCD electrodes are made by lead-bonding,
raised deposition connections such as “Flip Chip” or a
combination of both. “Adhesive connection” refers to
electrical connections made between the electronics
and the LCD by using a flexible interconnect cable
(such as Kaptan and copper) and a uni-axial conductive
adhesive such as Scotchbrand 9703 Electrically Con-
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ductive: Adhesive Transfer Tape or other functionally
similar product.
A further embodiment of the present invention is a

portable and compact desktop information projector.

100 shown in FIG. 8. Instead of supplying information
to essentially one operator as in the low stress work
station, it is envisioned that there is a need for a projec-
tion system capable of being viewed by 3 to 5 people
simultaneously for the projection of electronic data
information. It is-desirable that such a system be com-
pletely self-contained although it is envisioned that
substantially lower projection lamp intensities will be
required due to the much smaller projection area as
compared to that of the conventional overhead projec-
tor.

In FIG. 8, the low power light source 102 provides an
initial beam of light toward first mirror 104 which may
advantageously be a “cold mirror”, i.e.,, one which
reflects visible light but passes infrared light. If mirror
104 is a “cold mirror” much of the heat from light
source 102 would be passed to the righthand portion of
the enclosure and could then be radiated to the room.
The beam of light reflected by mirror 104 passes
through Fresnel lens 105 and the LCD display 106
which may be similar to those described with reference
to FIGS. 2, 3a or 3b. Light is then reflected from second
mirror 108 and third mirror 110 through lens system 112
to a fourth mirror 114 and from there onto the projec-
tion surface 116. Electronic data information may be
entered into the projector by means of a computer and-
/or keyboard 118 which is connected (not shown) to
control unit 30 which is also connected (not shown) to
the LCD display 106. The focus of lens system 112 can
be controlled by adjuster 120.

In order to obtain suitable image clarity at the projec-
tion surface 116 it is desirable to have the largest LCD
display 106 available. However, in order to avoid the
necessity for extremely complex, and thus expensive,
lens systems, it is necessary to have the longest optical
path possible. In FIG. 8 the optical path is folded four
times allowing for the components to be arranged in a
relatively compact fashion and still provide a high reso-
lution projection with a relatively inexpensive lens sys-
tem. If a *cold mirror” is used for the first mirror 104 it
may be unnecessary to provide any further heat insula-
tion or temperature protection for the LCD display 106
in view of the relatively low power light source 102.

The desktop information projector 100 is quite porta-
ble and yet will provide a high contrast image suitable
for viewing by a plurality of operators and may be
extremely useful for teaching and demonstrating com-
puters, computer-generated graphic systems, etc.

A further preferred embodiment of the compact in-
formation projector is illustrated in FIGS. 9 and 10.
This projector comprises ‘a compact self-contained
computer generated image projector which combines
all of the physical elements necessary to provide image
projection services for seminars, sales presentations, etc.
A casing 200 contains a light source 202, an infrared
mirror 204 and collecting lens or lenses 206. The infra-
red mirror, which comprises a means for preventing
heating of the LCD, could be either a reflector of infra-
red, an absorber of infrared, or both. The light source
202 is partially surrounded with a visible light reflector
203 to increase the brightness along the optical path. In
a preferred embodiment, the reflector 203 comprises a
“cold mirror” which passes infrared but reflects visible
light. The *“‘cold mirror” is a further means for prevent-
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10
ing heating of the LCD by permitting infrared radiation
to pass therethrough while reflecting visible radiation to
increase the effective brilliance of the light source.

A compact LCD 208 is provided along the optical
path. A small format, high resolution LCD display
approximately the size of a 35 mm slide is preferred
such as one currently available from Citizen Watch
Company Ltd. Tokyo, Japan and other sources. A mon-
itor mifror 210 and any necessary lens (not shown) is
operable to reflect all or a portion of a light focused
thereon to a monitor screen 212 which permits the user
to monitor the operation of the computer in much the
same manner as a conventional cathode ray tube (CRT).
The monitor can be retracted into the case for ease of
storage when it is not used. A conventional folding
mechanism (not shown) folds monitor mirror 210 out of
the optical path so that it does not interrupt light travel-
ing therealong.

Projection lens 214 will transmit suitable images onto
a wall, movie screen, etc. and includes a variable focus
adjustment. A liquid crystal display 208 is mounted in a
swivel arrangement 218 permitting the plane of the
LCD to be varied about a horizontal axis thus compen-
sating for the annoying “keystoning” of images which
are projected upon a wall or screen where the wall or
screen is not perpendicular to the optical path of the
projector.

Light source 202, in a preferred embodiment, has two
separate output powers, one low power for use in con-
junction with the monitor system and one high power
for use in conjunction with projection of computer
generated images. Fan 220 supplies cooling air to the
light source, lenses, and LCD as well as the computer
and other components in casing 200. The fan comprises
a means for cooling the LCD. Computer and LCD
driver 220 includes, in a preferred embodiment, a
80X86, 68XXX or equivalent microprocessor with an
appropriate random access memory to accommodate
conventional computer programs as well as presenta-
tion software. Memory storage includes floppy disk
drive 222 and hard disk drive 224. Power supply 226
meets the electrical power requirements of the com-
puter and storage drives, the air cooling fan, the light
source and other components.

The operation of the projector and computer are
controlled by keyboard 230 which in a preferred em-
bodiment is a keyboard in accordance with U.S. Design
application U.S. Pat. No. 07/361,120 filed Jun. 5, 1989
and assigned to the assignee of the present application.
In a preferred embodiment, the keyboard is detachably
mounted in a recess on the casing 200 (not shown) so
that it can be conveniently carried about with the pro-
jector as a single unit.

In a further preferred embodiment, the keyboard
communicates with the computer through IR transmit-
ter 232 with infrared pulses being received at IR sensor
234 and conveyed to the computer system in a conven-
tional manner. Alternatively, an optional RF transmit-
ter 236, shown in dotted line, could provide similar
communication with an optional RF receiver communi-
cating with the computer. Additionally, a conventional
connecting cable 240 could also be used.

The backlit monitor screen comprises a conventional
frosted translucent lens and provides the desirable low-
stress viewing without the need for a heavy, high power
consumption cathode ray tube conventional among
computer systems. It also provides a much greater
brightness than do conventional liquid crystal display
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systems. Mounting the monitor mirror 210 in conjunc-
tion with the focusable optical tube, which mounts lens
214, permits focussing of the monitor image as well.

Obviously, in conjunction with the keyboard, the
computer can be utilized in the same fashion as any
desktop portable computer. However, the computer
can also be utilized to generate electronic images sup-
plied to the liquid crystal display which can also be
viewed or previewed through the monitor system.
Once the computer generated images are acceptable,
they can then be utilized in a prerecorded or an opera-
tor prompted image presentation system. The use of a
color LCD such as the ones disclosed in U.S. Ser. No.
07/433,480 filed Nov. 9, 1989 or in U.S. Pat. No.
4,917,465 issued Apr. 17, 1990 can be used to provide
color projection capabilities.

A further embodiment of the present invention would
omit the keyboard, and the computer related compo-
nents of FIG. 9, thus providing an even smaller, light-
weight projector that can be interconnected with any
existing computer to provide a projection capability.

In accordance with the above, it will be seen that
applicant’s liquid crystal display unit can be utilized
with any conventional overhead projector to provide
computer generated images in a projection format. It
will be seen that the basic display unit will have a rela-
tively low cost and due to solid state technology will be
extremely reliable. The device is capable of providing
image animation and the image content is alterable in
real time by means of the computer control connection.
The device is also extremely portable and is compatible
with all overhead projection systems. In combination
with an appropriate work station housing the display
unit can provide an extremely low stress work place
when replacing the more conventional CRT.

The desktop information projector and the low stress
work station can also be used in many situations in
which the presence of a rear or front projector, respec-
tively, would be undesirable. Examples would be point
of sale or store window displays, restaurant and cafete-
ria displays, transportation terminal displays of arrival
and departure times, outdoor displays in which only the
screen need be outdoors and the more expensive con-
tents are protected from the weather, vandalism, etc.,
large letter paging systems that can change or retain
information without dependence upon clear or repeated
voice communication.

In view of the above disclosure, many modifications
and applications of the present invention will be obvi-
ous to those of ordinary skill in the art. Therefore, the
present invention is limited only by the claims appended
hereto.

What is claimed is:

1. A compact information projector for projecting
electronically generated display images on a remote
surface, said prOJector comprising:

means for pro_]ectmg a beam of light along an opt1ca1

path to a viewing screen, said projecting means
including a light source;
computer control means, responsive to at least one of
stored commands and a keyboard input, for gener-
ating liquid crystal means energizing signals;

keyboard means for providing a keyboard input to
said computer control means;

twisted nematic liquid crystal means, located along

said optical path, for controlling polarization -of
light passing therethrough in response to localized
energization and de-energization of said crystal
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means in accordance with said crystal means ener-
gizing signals;

means, responsive to said computer control means

energizing signals, for selectively and locally ener-
gizing and de-energizing said crystal means;

back polarizing means disposed in said beam and

located between said crystal means and said light
source, for polanzmg light passing therethrough;
and

front analyzing means, located between said crystal

means and said remote surface, for allowing light
of a selected polarization to pass therethrough and
for blocking light not having said selected polariza-
tion.

2. The compact information projector according to
claim 1, wherein said selectively and locally energizing
means comprises:

a first plurality of conductors; and
a second plurality of conductors at least partially
crossing said first plurality of conductors, such that
when a single conductor from said first plurality
and a single conductor from said second plurality
are energized, said crystal means is energized in the
vicinity of the crossing of said single conductors.
3. The compact information projector according to
claim 1, wherein at least one infrared reflecting means is
located optically between said light source and said
liquid crystal means, said at least one reflecting means
comprises a means for reflecting infrared light and pass-
ing visible light.
4. The compact information projector accordmg to
claim 1, wherein said computer control means includes
a disk drive storage means for storing computer com-
mands for driving said liquid crystal means.
5. The compact information projector according to
claim 1, wherein said keyboard means and said com-
puter control means are separate units, and there is
further provided a means for communicating from said
keyboard to said computer control means.
6. The compact information projector according to
claim 5, wherein said means for communicating com-
prises a cable connection.
7. The compact information projector according to
claim 5, wherein said means for communicating com-
prises:
an infrared transmitter means, located on said key-
board means and responsive to operation of said
keyboard means, for transmitting infrared pulses
related to operation of said keyboard means; and

an infrared receiver means, located on said computer
control means and responsive to said infrared
pulses from said infrared transmitter means, for
providing a keyboard input to said computer con-
trol means.

8. The compact information projector according to
claim 5, wherein said means for communicating com-
prises:

a radio frequency transmitter means, located on said
keyboard means and responsive to operation of
said keyboard means, for transmitting radio signals
related to operation of said keyboard means; and
radio frequency receiver means, located on said
computer control means and responsive to said
radio signals from said radio frequency transmitter
means, for providing a keyboard input to said com-
puter control means.

9. The compact information projector according to
claim 1, wherein said means for projecting includes a
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means for preventing keystone distortion in said beam,
said means for preventing including means for rotating
said liquid crystal means about a horizontal axis.

10. The compact information projector according to

“claim 1, wherein said means for projecting includes at
least one collecting lens in said optical path.

11. The compact information projector according to
claim 1, wherein said projector includes means for cool-
ing said crystal means.

12. The compact information projector according to
claim 1, wherein said projector includes means for pre-
venting heating of said crystal means.

13. The compact information projector according to
claim 1, further including monitor means for monitoring
the electronically generated display images.

14. A compact projector for projecting electronically
generated display images from a computer onto a re-
mote surface, said projector comprising:

means for projecting a beam of light along an optical

path to a viewing screen, said projecting means
including a light source;

control means, responsive to said electronically gen-

erated display images from said computer, for gen-
erating liquid crystal means energizing signals on a
pixel-by-pixel basis;
twisted nematic liquid crystal means, located along
said optical path, for controlling polarization of
light passing through a plurality of pixels in re-
sponse to localized energization and de-energiza-
tion of each pixel of said crystal means in accor-
dance with said crystal means energizing signals;

means, responsive to said control means energizing
signals, for selectively and locally energizing said
crystal means; :

back polarizing means disposed in said beam and

located between said crystal means and said light
source, for polarizing light passing therethrough;
and

front analyzing means, located between said crystal

means and said remote surface, for allowing light
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of a selected polarization to pass therethrough and
for blocking light not having said selected polariza-
tion.

15. The compact information projector according to
claim 14, wherein said selectively and locally energizing
means comprises:

a first plurality of conductors; and

a second plurality of conductors at least partially

crossing said first plurality of conductors, each
" crossing associated with a single pixel, such that
when a single conductor from said first plurality

" and a single conductor from said second plurality

are energized, said crystal means pixel is energized
in the vicinity of the crossing of said single conduc-
tors. ’

16. The compact information projector according to
claim 14, wherein at least one infrared reflecting means
is located optically between said light source and said
liquid crystal means, said at least one infrared reflecting
means comprises a means for reflecting infrared light
and passing visible light.

17. The compact information projector according to
claim 14, wherein said means for projecting includes a
means for preventing keystone distortion in said beam,
said means for preventing including means for rotating
said liquid crystal means about a horizontal axis.

18. The compact information projector according to
claim 14, wherein said means for projecting includes at
least one collecting lens in said optical path.

19. The compact information projector according to
claim 14, wherein said projector includes means for
cooling said crystal means.

20. The compact information projector according to
claim 14, wherein said projector includes means for
preventing heating of said crystal means.

21. The compact information projector according to
claim 14, further including monitor means for monitor-

ing the electronically generated display images.
* * * * *



